A total of 172 first degree relatives (FDRs) and 178 controls were included in this study. All the cases and controls were subjected to various anthropometric measurements, fasting and postprandial glucose estimation, fasting insulin measurement and fasting lipid profile. Results revealed the prevalence of Impaired Fasting Glucose (IFG) (cases 37% Vs controls 11.6%), Impaired Glucose Tolerance (IGT) (cases 34.3% Vs controls 11.2%) and diabetes (cases 11.05% controls 3.37%) was significantly higher in first degree relatives. Insulin resistance was measured using various methods, which included fasting plasma insulin (FPI), Homeostasis Model Assessment for Insulin Resistance (HOMA~R), insulin sensitivity index (ISI) (Mffm/I). Prevalence of insulin resistance (Insulin Resistance) as observed comparing FPI and HOMA~R in cases and controls was 43.6% and 11 24 % (P=0.005) and 37.8% and 12.47% (P=0.000) respectively. Prevalence of IR (Insulin Resistance) observed in cases having Normal Glucose Tolerance (NGT), Impaired Fasting Glucose (IFG), Impaired Glucose Tolerance (IGT) and diabetes mellitus measuring FPI Vs HOMA~R was 37.5% vs 30.2%, 45%vs 40%, 38.98%vs 37.28% and 36.84% vs 31.57% as accordingly. However, ISI (Mffm/I) was not found to be a promising index for IR due to its poor specificity. Though HOMA is taken as gold standard for measurement of IR globally, our study observed fasting plasma insulin representing high sensitivity (89.7%) and specificity (93.3%) as compared to HOMA. Thus FPI had emerged in this work as a simple and reliable test for diagnosing insulin resistance across the population susceptible to develop diabetes including FDRs.
INTRODUCTION
Insulin resistance is a multifaceted syndrome responsible for the future development of type-2 diabetes, obesity, hypertension, dyslipidemia and atherosclerotic cardiovascular diseases (1) . There is increasing evidence supporting the fact that by the time glucose tolerance or, fasting glucose levels become impaired, appreciable I}-Cell destruction may have already occurred (2) . Thus, it seems likely that attempts to prevent type-2 diabetes will be more successful if intervention is commenced when blood glucose levels are still in the normal range. Therefore, a simple test for identifying insulin resistant individuals is important both for population-based research and clinical practice. Though euglycaemic insulin clamps and the intravenous glucose tolerance tests (IVGTT) are standard methods for the measurement of insulin resistance in research, they are impractical in clinical practice and are difficult to perform in populationbased research studies (3) . Most studies have assessed prediction of insulin resistance in individuals selected randomly with impaired glucose tolerance (IGT) and diabetes. Few studies have specifically evaluated the prediction of insulin resistance in individuals with normal glucose tolerance (4, 5) . But, a very few studies across the globe have specifically assessed the prevalence of insulin resistance in first degree relatives of type-2 diabetes patients who are at most risk for developing type-2 diabetes in future. In the present study, we have specially evaluated the prevalence of insulin resistance in the group at most risk i.e. group of first degree relatives of type 2 diabetes mellitus patients.
RESEARCH DESIGN AND METHODS
In this study, type-2 diabetes mellitus patients were taken as index cases and were defined as those having diagnosed after 30 years of age and did not require insulin during the first 6 months from diagnosis (6, 7) . The first-degree relatives, by definition, include individuals having 50% genome common to the index case i.e; they include parents, siblings and offsprings. Though, it became impossible in our part to conduct genomic study to establish first degree relatives of type-2 diabetes mellitus patients, they were recruited in the study according to the result obtained in pedigree chart analysis.
The controls taken in the study were healthy individuals, not suffering from type-2 diabetes, nor having any family history of type-2 diabetes, not suffering from any acute or, chronic cardiovascular diseases, nor taking any drugs believed to alter plasma glucose level.
A standardized health questionnaire was completed, covering the present and past medical history of first degree relatives and controls, including current and previous medications, information about hypertension, coronary heart disease and stroke. Subjects fitting into any of the questionnaire were excluded from our study.
A total of 172 first-degree relatives and 178 controls gave verbal consent to participate in the study after properly explaining the purpose of the study. After a 10-hour overnight fast, each participant's age (though no documentary proof had been entertained), sex, weight and height (measured by the same instrument and by same person to avoid inter instrumental and interpersonal variations) were measured and recorded. The fasting blood samples were drawn for the measurement of plasma glucose, insulin, triglycerides, LDL cholesterol, HDL cholesterol and total cholesterol levels. Glucose tolerance was assessed according to new American Diabetes Association (ADA) WHO criteria using 75 gm oral glucose tolerance test. Thus, subjects with a fasting plasma glucose > 126 mg/dl and/or a 2 hr. postprandial plasma glucose > 200mg/ dl were considered to have diabetes; subjects with a fasting plasma glucose 110-125 mg/dl and with 2 hr. postprandial plasma glucose 140-199 mg/dl were considered to have impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) respectively; and subjects with fasting plasma glucose <110 mg/dl and 2 hr. postprandial plasma glucose < 140 mg/dl were regarded as having normal glucose tolerance (NGT).
Plasma glucose was measured by autozyme stat glucose test based on enzymatic method (glucose oxidase and peroxidase as enzymes) using the kit
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purchased from ACCUREX biomedical pvt Ltd, Mumbai. Serum Insulin concentration was measured by 1251 radioimmunoassay assay (RIA) with an interassay co-efficient of variation of 5% using the RIA kit purchased from BRIT, Navi Mumbai. Serum triglycerides, HDL cholesterol and total cholesterol were measured by the methods based on enzymatic determination using the kits purchases from ACCUREX pvt Ltd Mumbai. Serum LDL Cholesterol concentration was calculated using the Friedewald formula (7) . To obtain on estimate of Insulin resistance, we applied the Homeostasis model assessment of insulin resistance (HOMAIR) using the following formula (8) :
Fasting !nsulin (pU/ml) x Fasting plasma glucose (mmol/I) HOMAIR = 22.5
Insulin resistance was defined as the highest quartile of the HOMAIR index (9) . All these indices were compared with HOMA to evaluate the sensitivity and specificity in predicting insulin resistance.
Statistical Analysis
After data collection, data were entered in Visual Foxpro-6.0, data base management software. Care was taken for any miss-entry and data redundancy. A difference between the two values was considered to be significant only if 'p' value was to be <0.05. The following statistical tests were used to test the significance of the difference between two groups:
1. 72 statistics was used to test the association between two or more variables in case of frequency distribution.
2. Two-Sample t-test was used to see the difference between the mean of two different groups, if data was normally distributed. Normal distribution of the data was checked by Shapiro-Wilk's statistics and if 'p' value <0.05, data was considered to be normally distributed.
3. If data was not found to be normally distributed, a non-parametric equivalent of two-sample t-test, Mann-Whitney test was used to test the level of significance between two values_ Product-moment correlations were used to examine the association between HOMA~R and fasting plasma insulin and Mffm/l.
Logistic regression analysis with backward elimination was used to identify the cutoff points for the various insulin sensitivity indices and was also used to evaluate sensitivity and specificity of the scoring test, as compared with HOMAIR.
RESULTS
After appropriate screening, a total of 172 first-degree relatives (cases) and 178 controls were including in the study.
Clinical and metabolic descriptors of the study population
These are shown in 
Correlation co-efficient
The mean value of fasting plasma insulin in FDRs was significantly higher [30.28• pU/ml (range 7.5-140
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pU/ml)] than the corresponding value in controls [18.32+8.38 pU/ml (range 6.5-46 pU/ml)]. It had been observed that there was a strong positive correlation co-efficient between fasting plasma insulin and HOMA=R (r=0.92) and a negative correlation coefficient of HOMA~R with Mffm/I (r =-0.73). Table 2 shows the product moment correlation co-efficient among HOMAIR and FPI, Mffm/I.
Cut off points of FPI and ISi and sensitivity and specificity of these insulin indices in comparison to HOMA m using logistic regression analysis method
Fasting plasma insulin showed the highest sensitivity of 89.7% and the highest specificity of 93.3% at predicting insulin resistance when compared with HOMA~R. Though Mffm/I (ISI corrected for fat free mass) also showed highest sensitivity of 89.7%, but showed lowest specificity of 49.5% at predicting insulin resistance when compared with HOMAIR. A fasting plasma insulin level > 21 pU/ml or Mffm/I < 5.81 pull defined individuals with insulin resistance. The sensitivity, specificity and cut off points derived from regressing HOMA~R on the other insulin sensitivity indices singly are shown in Table 3 . The sensitivity, specificity and cut off points derived from regressing HOMA=R on the other insulin sensitivity indices singly are shown in Table 3 . Fasting plasma insulin showed the highest sensitivity of 89.7% and the highest specificity of 93.3% at predicting insulin resistance when compared with HOMA~R. Though Mffm/ I (ISI corrected for fat free mass) also showed highest sensitivity of 89.7%, but showed lowest specificity of 49.5% at predicting insulin resistance when compared with HOMA~R.
Abbreviations

ISI Mffm/I (Insulin Sensitivity Index corrected for fat-free mass), HOMA~R (Homeostasis Model Assessment for Insulin Resistance), FPI (Fasting Plasma Insulin).
Prevalence of insulin resistance in the study population
It has been shown from the study that the prevalence of insulin resistance in FDRs was 37.8% (n = 172) while that in controls was 12.47% (n = 178) with p = 0.000, when insulin resistance was measured by HOMA~R (Fig. 1) . The prevalence of insulin resistance was observed to be more common in males (58.46%) than in females (41.53%). The fasting plasma insulin level was seen to rise progressively from normoglycaemic obese FDRs (31.2+4.5 pU/ml) to obese FDRs having IGT (47.35+29.5 pU/ml) to those having IFG (59.33+41.63 pU/ml) to those having DM (71.0_+6.46 pU/ml) as compared to corresponding values in controls (Fig. 2) .
Lipids and Insulin resistance in First Degree Relatives
It has also been seen from Table 4 , that serum hypertriglyceridemia was observed to be associated in 80.64% of insulin resistant FDRs but not in insulin Figure 1 concludes that the prevalence of insulin resistance in FDRs was 37.8% (n=172) while that in controls was 12.47% (n=178) with p=0.000, when insulin resistance was measured by HOMAIR (Fig. 1 ). 
Prevalence of insulin resistance (as measured by HOMAIR) between cases and controls having NGT, IGT, IFG and DM
Abbreviations
IFG (Impaired Fasting
Glucose
DISCUSSION
The determination of prevalence of insulin resistance carries much importance clinically and epidemiologically in first degree relatives of type-2 diabetic patients as they are at high risk for developing diabetes in future and that insulin resistance has been associated with a number of clinical and metabolic abnormalities. Various methods are used for the measurement of insulin resistance. Because of infeasibility of Euglycemic insulin clamp test to be done for measuring insulin resistance, which is regarded as a gold standard test in research, various studies (10, 11, 12) across the globe have regarded Homeostasis Model Assessment (HOMA) method to be the gold standard test for measuring insulin resistance in clinical practice and population based research studies. Nevertheless, it had been demonstrated that there was a strong positive correlation between HOMA~R and Euglycemic insulin clamp-IR in type-2 diabetic subjects, as reported by Emoto et al. (11) and Matthews et al. (12) in their studies. So, in our study, HOMA=R has been taken as standard method for measuring insulin resistance. We have also compared other insulin sensitivity indexes like FPI, ISI with HOMA=R in predicting insulin resistance in study population. Our study has shown the prevalence of insulin resistance in first degree relatives of type-2 diabetes mellitus patients as observed in cases and controls using FPI and HOMA~R was 43.6% and 11.24% with FPI and 37.83% and 12.47% in controls using HOMA~R analysis. Strong positive correlation (r=0.92) between HOMArR and fasting plasma insulin was observed which has also been the similar observation (r=0.98) reported by Haffner et al. (13) .
Volk et al. (14) reported in their study of 154 healthy, glucose tolerant first degree relatives of type-2 diabetes mellitus patients that the prevalence of insulin resistance was 40%. Isomaa et al. (15) reported in their study of 1,988 normoglycemic relatives of type-2 diabetes mellitus patients of age 35-70 years that the prevalence of insulin resistance was 25%. But no such valid data were available from our country. Our study has shown that the prevalence of insulin resistance in normoglycaemic first-degree relatives as measured by FPI and HOMA~R was higher (37.5% and 30.2%) as compared to that in controls. The difference in prevalence of insulin resistance seen could be due [10] [11] [12] [13] [14] [15] [16] [17] to the fact that Volk and Ronn (14) had taken highest tertile values for measuring insulin resistance, while we have taken highest quartile values for such measurements indicating higher chance of predicting insulin resistance of our study.
Isomaa et al. (15) reported that the prevalence of insulin resistance was 59% in a total of 798 relatives of type-2 diabetes patients having IFG/IGT and 88% in a total of 1,697 relatives of type-2 diabetes mellitus patients having type-2 diabetics. In the present study prevalence of insulin resistance was higher in firstdegree relatives showing FPI Vs HOMAtR as observed in different group of cases having IFG (45% Vs 40%), IGT (38.98% Vs 37.28%) and diabetes mellitus (37.84%Vs 31.57%)as compared to controls. The higher values seen in western countries could be due to the geographical variation; different dietary habits; genetic constitution; and study conducted only in subjects of 37-75 year age group and not specifically in first-degree relatives. Though FPI and HOMAIR have been shown to have strong correlation along with high sensitivity and specificity to demonstrate insulin resistance with present study, ISI (Mffm/I) was not found to be promising index for insulin resistance due to it's poor specificity.
According to Costa et al. (16) , basal insulin levels were higher in normolglycemic first-degree relatives of type-2 diabetic patients (2.4+0.4 pUll) than the corresponding values in controls (2.1• pUll). Similarly, in the present study, the mean fasting insulin level was higher in normoglycemic first-degree relatives (31.2• pU/ml) than the corresponding values in controls (14.4• pU/ml). Interestingly, it was observed that as glucose tolerance gradually worsened in first-degree relatives, the mean fasting insulin level and the prevalence of insulin resistance were also observed to rise progressively from normoglycemic first-degree relatives to first-degree relatives having type-2 diabetes mellitus i.e., the rise in mean fasting insulin level was seen to follow the natural pathway of the disease. Similar observation had been reported in the study conducted by Isomaa et al. (15) (18) , obesity had been strongly associated with insulin resistance (r = 0.92) in first-degree relatives of type-2 diabetic African Americans. Volk et al. (14) concluded in their study of 154 healthy glucose tolerant first-degree relatives that absolute hyperinsulinemia and higher prevalence of insulin resistance in obese first-degree relatives as compared to nonobese first-degree relatives. Similarly, the present study had also shown higher prevalence of insulin resistance in obese firstdegree relatives (43.87%) than in controls (15.21%) as per WHR estimation (Table 5) . Our study had shown higher prevalence of hypertriglyceridemia in insulin resistant first degree relatives than in insulin resistant controls (80.64% v/s 0%; p=0.000), so as the decreased serum HDL level (75.5% v/s 14.28%; p=0.007). Such a high prevalence of dyslipidemia in first-degree relatives of type-2 diabetes mellitus patients seen in our study may be taken as predictors for the early development of macrovascular complications in them. So, in our study, fasting plasma insulin alone was as accurate at predicting insulin resistance as HOMAoR.
Results of the study conclude that insulin resistance is observed in high prevalence in first degree relatives of type 2 diabetes mellitus patients and this increases as along the progression of disease being highest in FDRs having type 2 diabetes mellitus. Strong positive correlation was observed between HOMA~R and FPI insulin resistance indices in these patients. In the present work, degree of IR as measured by FPI and HOMA~R , FPI maintained highest sensitivity and specificity in predicting insulin resistance as compared with HOMA~R. Though insulin sensitivity index (expressed as Mffm/I) maintained highest sensitivity in predicting insulin resistance, but was lacking in good specificity. Present study thus advocates FPI to be a simple and reliable test for diagnosing IR across the population susceptible to develop diabetes including first degree relatives.
